Menthol is a commonly used flavorant in tobacco and e-cigarettes, and could contribute to nicotine sensitivity. To understand how menthol could contribute to nicotine intake and addiction, it is important to determine whether specific mechanisms related to sex and age could underlie behavioral changes induced by menthol-laced nicotinic products. Using a validated paradigm of nicotine-dependent locomotor stimulation, adolescent and adult C57BL/6J mice of both sexes were exposed to nicotine, or nicotine laced with menthol, as their sole source of fluid, and psychostimulant effects were evaluated by recording home cage locomotor activity for ten days. Nicotine and cotinine blood levels were measured following exposure. Results show an interaction between treatment, age, and sex on liquid consumption, indicating that mice responded differently to menthol and nicotine based on their age and sex. Adult male mice greatly increased their nicotine intake when given menthol. In female mice of both age groups, menthol did not have this effect. Despite an increase in nicotine intake promoted by menthol, adult male mice showed a significant decrease in locomotion, suggesting that menthol blunted nicotine-induced psychostimulation. This behavioral response to menthol was not detected in adolescent mice of either sex. These data confirm that menthol is more than a flavorant, and can influence both nicotine intake and its psychostimulant effects. These results suggest that age-and sex-dependent mechanisms could underlie menthol's influence on nicotine intake and that studies including adolescent and adult menthol smokers of both sexes are warranted.
A B S T R A C T
Menthol is a commonly used flavorant in tobacco and e-cigarettes, and could contribute to nicotine sensitivity. To understand how menthol could contribute to nicotine intake and addiction, it is important to determine whether specific mechanisms related to sex and age could underlie behavioral changes induced by menthol-laced nicotinic products. Using a validated paradigm of nicotine-dependent locomotor stimulation, adolescent and adult C57BL/6J mice of both sexes were exposed to nicotine, or nicotine laced with menthol, as their sole source of fluid, and psychostimulant effects were evaluated by recording home cage locomotor activity for ten days. Nicotine and cotinine blood levels were measured following exposure. Results show an interaction between treatment, age, and sex on liquid consumption, indicating that mice responded differently to menthol and nicotine based on their age and sex. Adult male mice greatly increased their nicotine intake when given menthol. In female mice of both age groups, menthol did not have this effect. Despite an increase in nicotine intake promoted by menthol, adult male mice showed a significant decrease in locomotion, suggesting that menthol blunted nicotine-induced psychostimulation. This behavioral response to menthol was not detected in adolescent mice of either sex. These data confirm that menthol is more than a flavorant, and can influence both nicotine intake and its psychostimulant effects. These results suggest that age-and sex-dependent mechanisms could underlie menthol's influence on nicotine intake and that studies including adolescent and adult menthol smokers of both sexes are warranted.
Introduction
Cigarette smoking contributes to about 1 in 5 deaths in the United States alone [1] . Many smokers express the desire to quit, but relapse is observed in 70-80% of quit attempts, even with treatment to aid in smoking cessation [2] . Mentholated cigarettes are used more frequently by populations more vulnerable to tobacco addiction including adolescent and female smokers [3] [4] [5] but the underlying reasons remain unclear. Although nicotine is the primary psychoactive component of cigarettes, 90% of tobacco products also contain menthol -often at levels not detectable by taste [6] .
A growing body of behavioral, epidemiological, and biochemical evidence suggests that menthol intensifies the addictive properties of nicotine. Smokers of mentholated cigarettes experience stronger cravings [7] and have lower quit rates [8, 9] . Menthol can act as an analgesic to alleviate the irritated lungs of first-time smokers [10] and it creates a "cooling" sensation via activation of TRPM8 receptors [11] . This sensation may also serve as a sensory cue that could strengthen the ability of nicotine to reinforce behavior [12] . Recently, data have emerged to implicate menthol more directly in the underlying neurobiology of nicotine dependence. Menthol binds to and modulates the function of nicotinic acetylcholine receptors (nAChRs) [13] and administration of menthol alone is sufficient to up-regulate midbrain nAChRs in mice, which has somewhat conflicting behavioral effects, either facilitating behaviors related to nicotine addiction [14] or preventing nicotine reward [15] . In human subjects, menthol slows nicotine metabolism [16, 17] and adolescent smokers with slow nicotine metabolism, in contrast to adults, are more likely to progress to addiction [18] . Studies have also uncovered genetic vulnerability to consume mentholated cigarettes in women [19] , which can lead to greater nicotine exposure [20] . Thus, while several molecular mechanisms may explain how menthol can alter nicotine's pharmacological properties, sex-and age-dependent specificities appear to lead to significant differences in regards to menthol-induced modulation of nicotine related behavior, including reward and addiction.
A common behavioral response to addictive drugs in mice, including chronic nicotine exposure, is hyperlocomotion, stemming from activity of the mesostriatal dopamine system [21, 22] . This behavioral model is also of interest because it requires the expression of nicotinic acetylcholine receptors (nAChRs) containing the β2 subunit in mesostriatal neurons, which are essential for behaviors related to nicotine addiction [21, 23] and are upregulated by menthol after long term exposure [15] . Furthermore, maintenance of locomotor sensitization requires long-term exposure to nicotine, which is critical for the development of addictive behaviors. We hypothesized that menthol could modulate the addictive properties of nicotine by potentiating its psychostimulant effects, but that specific patterns might be observed between sexes and age-groups that could explain conflicting data about the effects of menthol on nicotine's pharmacological properties. We therefore investigated whether menthol can alter nicotine-induced hyperlocomotion differentially in adult and adolescent, male and female wild-type mice and mice lacking the β2 subunit of the nAChR. Finally, we determined whether adding menthol could contribute to greater nicotine intake and changes in blood nicotine and/or cotinine levels, and whether this might explain any effects of menthol on nicotine-induced locomotor stimulation.
Methods

Animals
All experiments were carried out in accord with guidelines from the National Institutes of Health Guide for the Care and Use of Laboratory Animals and were approved by the Yale University Committee on the Care and Use of Animals. Male and female C57BL/6J mice were purchased from Jackson Laboratory (Bar Harbor, ME) and acclimated for about a week in our animal facility Adult mice were 77-91 days old when treatment was administered. Adolescent mice were 21-28 days old at the start of treatment. Mice were housed on a 12:12 light/dark cycle (7:00 am-7:00 pm) at 22.1 ± 1°C with ad libitum access to food. β2 subunit-knockout mice were generated as described previously [24] and backcrossed onto C57BL/6J background for more than 30 generations. Controls were wild-type littermates. Twelve animals were assigned to each pharmacological treatment. Mice were euthanized on the last day of the locomotor activity experiments between 9 and 11 am and tissues were taken for further biochemical analyses from 7 to 8 mice per group, chosen at random.
Drug solutions
Treatments groups were as follows: 1. nicotine (as hydrogen bitartrate salt) 200 μg/ml (Sigma) in 2% saccharin (Sigma); 2. nicotine 200 μg/ml + 10 μg/ml L-menthol in 2% saccharin; 3. 2 mM tartaric acid (vehicle; Sigma) in 2% saccharin; 4. 2 mM tartaric acid + 10 μg/ ml L-menthol in 2% saccharin. The pH of all solutions was adjusted to 7. The concentration of nicotine was based on previous studies [21, 25, 26] and menthol concentration was based on pilot studies showing no baseline preference for this concentration in acute administration, with higher menthol concentrations becoming aversive [27] . This concentration corresponds to a menthol to nicotine ratio similar to what is found in un-mentholated cigarettes [28] . All solutions were administered in modified glass bottles to prevent menthol decomposition in plastic, and covered with foil tape to prevent nicotine decomposition in light.
Locomotor activity
Mice were single-housed (19 × 29 × 13 cm) with free access to food. Nesting material was removed to prevent obstruction of infrared beams in the locomotor monitoring system. All groups were habituated to single-housing for 5-7 days, weighed, and then moved to the testing cages for at least 3 days. When mice were transferred to their testing cage, drinking water was also replaced by a solution composed of 2 mM tartaric acid in 2% saccharin to allow animals to habituate to the taste and testing conditions. This approach prevents behavioral effects that might be induced by changes in housing and drinking solution. After this period of habituation, mice were randomly assigned to one of the 4 treatment solutions as their sole source of liquid. Locomotor data was collected using an Accuscan Instruments (Columbus, Ohio) behavioral monitoring system and software. Locomotion was monitored for 10 days using six photocells placed 4 cm apart. Locomotor counts were monitored in 10 min blocks to obtain an "ambulatory activity count" consisting of the number of beam breaks recorded during a period of ambulatory activity (linear motion rather than quick, repetitive beam breaks associated with behaviors such as scratching and grooming). Mice were not disturbed during the testing period. Bottles were weighed at the beginning and end of treatment to measure nicotine intake.
Nicotine and cotinine levels
After measurement of locomotor activity was completed, between 9 and 11 am, mice were rapidly decapitated, trunk blood samples were taken and immediately frozen at −80°C. Blood was centrifuged, serum removed and frozen at −80°C for later analysis. A separate group of wild-type male mice were analyzed for blood nicotine and cotinine levels. Serum nicotine and cotinine levels were measured. Plasma nicotine and cotinine were assayed by HPLC interfaced with tandem mass spectrometry (LC/MS/MS) with stable isotope (deuterated)-labeled internal standards as previously described [29] .
Data analysis and statistics
Locomotor data were processed using R and Statview (SAS institute, Inc.). The 10-min activity counts for each mouse were assigned a numeric vector inside a data frame that included a time vector. Using this data structure, the number of "locomotor bursts" was tabulated by taking all of the mice in each control group and finding the 90th percentile. Then, the number of 10-min time-bins exceeding that cutoff value was determined for each mouse relative to its control group (code included in supplementary materials). Counts for day and night were calculated for each mouse. Because the data showed little overall differences in locomotion within groups over the 10 days of measurement, with no overall day effect when data were binned as 12-h cells, the 5th night (midpoint) was chosen as a representation of activity cross the study. Statistical analysis was performed using both Microsoft Excel and the R Statistical computing language (https://www.r-project.org/) with the RStudio interface (https://www.rstudio.com/).
Data were analyzed by ANOVA with age (2 levels), sex (2 levels), and treatment (4 levels) as main factors. When interactions were found to be significant, posthoc analyses were conducted by t-tests against the null hypothesis. T-test post-hoc analyses were performed (with Bonferroni corrections) on the control group vs. nicotine, the control group vs. menthol, and nicotine alone vs. nicotine and menthol combined. Unless stated otherwise, p value was set at 5%.
Results
Menthol significantly increases nicotine intake in male mice
ANOVA for liquid consumption indicated an overall treatment effect (F(3, 155) = 269.7; P < 0.0001) but fluid intake was sex and age specific (treatment * sex * age: (F(3, 155) = 24.7, p < 0.0001)). Relative to the control group, adult male mice given nicotine consumed slightly less liquid (∼10%; t(21) = 2.71; p = 0.013), while the groups given menthol alone consumed more liquid (∼30%; t (22) p < 0.001). Adult male mice given nicotine and menthol together consumed significantly more liquid than nicotine alone (∼25%; t(20) = −7.62, p < 0.001). Adult female mice consumed less liquid when given nicotine alone (∼20% t(16) = 4.36; p < 0.001), but there was no significant difference in fluid intake if menthol was added (Fig. 1a) . This pattern was mirrored in the adolescent male group but not in the adolescent female group, and no significant differences were observed (Fig. 1b) . Menthol did not cause a significant change in cotinine levels; however, the adult females had a significantly higher nicotine:cotinine ratio with menthol than without (t(18) = 3.60; p = 0.002) (Fig. 1c) .
Locomotor activity during the active phase
ANOVA of locomotion average on the 5th night (19:00-07:00) showed a significant treatment effect (F(3, 156) = 22.1; p < 0.0001), but it was different depending on sex and age (treatment * age * sex (F (3, 156)) = 2.77; p = 0.044; Fig. 2 ). Adult male mice drinking menthol significantly decreased their locomotion compared to mice drinking the control solution (t(22) = 6.84; p < 0.0001; Fig. 2a ). In line with previous experiments [21] , all treatment groups had higher locomotor counts during the night when given nicotine, although this only reached significance in the male mice (adolescents: (21) = 2.08; p = 0.0019; adults: t(22) = 1.7, p = 0.06; Fig. 2b ). There were no significant changes in locomotor counts in response to menthol drinking alone in adolescent mice of either sex.
Adding menthol to the nicotine solution decreased locomotor activity relative to the nicotine-only group, but to different degrees depending on age and sex. Adult male mice showed ∼50% reduction in activity when given menthol + nicotine vs. nicotine alone (t(20) = 3.57; p = 0.0019), while adolescent males showed a modest (∼ 10%) decrease in activity that did not reach significance. There was no significant difference in the effects of menthol + nicotine vs. nicotine alone in adolescent female mice; however, there was a significant reduction of locomotor activity in the menthol + nicotine group compared to menthol alone (t(17) = 0.904; p = 0.033).
Locomotion during the inactive (day) phase
Limited, but significant (F(3, 156) = 2.83; p = 0.040; Fig. 2c and  d) , treatment effects on overall activity counts were observed during the inactive phase (07:00-19:00) that were similar in direction to those observed during the dark phase, although smaller in magnitude. No significant effects were detected by ANOVA with sex and age as factors.
A focus on bursts of activity (which represent the 90th percentile of locomotor activity) during the inactive phase showed significant differences between treatment groups (F(3, 156) = 11.8; p < 0.001; Fig. 3 ). Adult male mice given nicotine alone had significantly more locomotor bursts than mice given menthol + nicotine (t(20) = 2.86; p = 0.0098). However, male mice given menthol alone had significantly fewer locomotor bursts relative to adult males drinking the control solution (t(22) = 4.20; p < 0.001; Fig. 3a) . No other significant effects on locomotor bursts were observed.
Menthol effects in knockout mice lacking the β2 nAChR subunit
Menthol increased fluid consumption significantly in β2 WT female mice (t(17) = −4.08; p < 0.01), but not in β2 KO female mice (Fig. 4a) . Menthol also increased 5th night locomotion in β2 KO female mice (t(19) = −3.15; p = 0.003) but not β2 WT females (Fig. 4) . β2 WT females given menthol had significantly higher 5th day locomotion averages during the day (t(15) = −2.14; p = 0.05; suppFig. 4b). β2 KO female mice also had a significantly higher number of locomotor bursts in response to menthol (t(19) = −2.48; p < 0.02), while β2 WT females did not (suppFig. 4c). Menthol also induced a decrease in locomotor bursts in adult male β2 WT male mice (t(19) = 1.73; p = 0.089), but not in β2 KO male mice. , male and female, C57BL/6J mice adjusted for body mass. (c) Average blood serum nicotine: cotinine ratios in C57BL/6J adult and adolescent mice of both sexes administered nicotine without menthol (n = 8-9) and with menthol (n = 10-11). Data are expressed as mean ± SEM (n = 9-12). Mice were provided with a saccharine vehicle mixture, nicotine, menthol, and a menthol-nicotine mixture as the sole source of fluid (n = 9-12/group). Significance was determined using post-hoc Bonferroni-corrected t-tests. *, p < 0.05; **, p < 0.01; ***; p < 0.001, compared to Vehicle group unless brackets state otherwise.
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Discussion
Behavioral, epidemiological, and biochemical evidence suggest that menthol may enhance nicotine addiction through several mechanisms [12] . In addition to its cooling sensation and its role as an analgesic in cigarette smoke, menthol may also act directly on nAChRs in the mesolimbic dopamine system [15] and could affect the psychostimulant properties of nicotine. These mechanisms are not mutually exclusive and are sex and/or age-dependent, which could explain seemingly inconsistent outcomes between experimental groups and demographic factors in human studies. We therefore evaluated the effects of menthol in a model of chronic nicotine administration, combined with the evaluation of locomotor activity (as a measure of its psychostimulant effects), nicotine intake, and blood cotinine levels. Because age and sex are important determinants of smoking behavior and addiction, these experiments were carried out in male and female, adult and adolescent mice. In parallel, we measured menthol intake and its effects on locomotor activity in mice lacking β2 nAChRs, a critical receptor subtype necessary for locomotor activation in response to nicotine [21, 24] .
Epidemiological studies have emphasized that teenagers and women are more prone to smoking mentholated products. This study, however, did not demonstrate significant effects of menthol on nicotine intake or nicotine-induced locomotor activity in adolescent or female mice. It is therefore possible that the cooling effects of menthol are more important for increasing susceptibility to tobacco addiction in vulnerable populations, especially in first-time users and adolescents who would be expected to be more sensitive to the aversive taste of tobacco products. Instead, adult male mice appear to be particularly sensitive to locomotor effects of menthol, and its ability to modulate nicotine pharmacodynamics and intake.
A striking increase in fluid intake induced by menthol was observed in adult male mice. This increase was unexpected since 10 μg/ml menthol had no effect on water intake in acute studies, and became aversive at higher concentrations [27] . Although menthol does not affect water intake following acute administration, it is possible that tolerance to some aspects of menthol response over time could lead to a preference for menthol following chronic administration. In the current study, the control solution contained tartaric acid in saccharin rather than water to mimic the bitter taste of the nicotinic salts used in the experiment [21, 30] . It is therefore possible that menthol masked the taste of the control solution that would otherwise be aversive; however, the finding that adult female mice and adolescents of both sexes did not show a change in mentholated water intake suggests that this is likely not the case. When normalized to body weight, adolescent mice drank about twice as much fluid as their adult counterparts, suggesting the possibility that these mice may have reached a ceiling for fluid intake. Our results, however, are in line with previously published results in adolescent C57BL/6J mice showing similar fluid intake that could still be altered significantly by changing the concentration of nicotine. Thus, it is unlikely that the high fluid consumption at baseline would prevent us from observing changes in response to nicotine and/or menthol.
In addition to changes observed in fluid intake, the current data also suggest that menthol alters nicotine titration in adult male mice, leading to an increase in consumption and a greater exposure to nicotine. Previous studies have shown that mice can tightly titrate their nicotine intake, potentially within a range that is rewarding [31] . Adult male mice drank less fluid when presented with nicotine alone in the Fig. 2 . Analysis of locomotor activity in adult (PND: 77-91 days; a) and adolescent (PND: 21-28 days; b) C57BL/ 6J male and female mice (n = 9-12) during the 5th night (active phase) and 5th day (c, d; inactive phase). Locomotion was defined as more than one beam break that was not highly-repetitive (indicating stereotypic behavior such as scratching). Significant differences between groups was determined using post-hoc Bonferroni-corrected t-tests. **, p < 0 0.01; ***, p < 0.001, compared to Vehicle group unless brackets state otherwise. Fig. 3 . Locomotor Bursts of activity. A "burst" of locomotor activity was defined as a 10-min time period in which a mouse exhibited greater than the 90th percentile of locomotor counts compared to its respective control group. Data represent locomotor bursts on Night 5 in adult (PND: 77-91 days; a) and adolescent (PND: 21-28 days; b), male and female, mice (n = 9-12) given vehicle, nicotine, menthol, or a mixture of nicotine and menthol. Significant differences between treatment groups were determined using post-hoc Bonferroni-corrected t-tests. **, p < 0.01, compared to Vehicle group unless brackets state otherwise.
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drinking water, but drank significantly more menthol or nicotine laced with menthol. Thus, menthol could increase tolerance to nicotine in adult male mice. Several anecdotal reports suggest that menthol can decrease appetite, and a recent study showed that menthol's aftertaste decreases food wanting and liking [32] . Thus, menthol-induced increase in fluid consumption is unlikely related to general hyperphagia that would underlie fluid intake. Female mice did not increase nicotine intake when menthol was added to the drinking solution, whereas women are more likely to consume mentholated cigarettes. Interestingly, genetic haplotypes related to bitter taste have been linked to a preference for mentholated cigarettes in humans [19] , and this has not been investigated in mice. It is also difficult to extrapolate the current results to make a conclusion about menthol preference, because each mouse only had access to one solution. Thus, we cannot exclude that female mice may have preferred a mentholated solution if they had a choice of intake. More experiments will be necessary to determine the underlying mechanism for this sex difference in intake. Interestingly, while the intake of nicotine and menthol + nicotine differed in adult male mice, this was not paralleled by differences in blood cotinine levels or nicotine:cotinine ratios, nor did it correlate with changes in locomotor activity. Although cotinine levels do not correlate strongly with the addictive and stimulant properties of ingested nicotine [30] , cotinine results from nicotine metabolism and is related to the rate of nicotine clearance. Adolescent and adult female mice had blood cotinine levels that varied with nicotine intake. Adult male mice, however, had similar blood cotinine levels whether they drank nicotine alone or with menthol, despite drinking nearly twice as much nicotine when it was laced with menthol. In adult male mice, chronic menthol exposure may therefore increase nicotine clearance and tolerance and thereby lead to the observed increase in nicotine intake. As noted above, the increase in nicotine intake following menthol was not mirrored by an increase in locomotor activity, suggesting that in adult males, menthol decreases the psychostimulant response to nicotine. It is also possible that a menthol-induced increase in nicotine intake actually led to decreased locomotion, as nicotine can induce hyperlocomotion only within a narrow range of concentrations [30] . The ability of menthol to disrupt nicotine titration, an effect observed in previous studies [31] could also suggest a menthol-induced increase in nicotine clearance; however, previous studies suggest that menthol may inhibit oxidation of nicotine by human CYP2A6 [17] , which would be expected to decrease nicotine clearance, although species differences cannot be excluded.
Adult male mice exposed to menthol + nicotine showed a decrease in locomotor activity when compared to nicotine alone, despite greater intake of nicotine and similar cotinine levels. This was not observed in adolescent mice or adult female mice. This effect was even more prominent when quantifying locomotor bursts (locomotor activity above the 90th percentile of the average locomotor activity during the inactive phase) because menthol greatly decreased the number of locomotor bursts in adult male mice on its own, or when combined with nicotine. Menthol therefore appears to limit the psychostimulant effect of nicotine in adult male mice.
Recent studies have demonstrated that menthol can change the expression and pharmacology of β2-containing nAChRs [15] and can up-regulate high affinity nAChRs in vivo [33] . In males, the effects of menthol on locomotor activity may not be due to actions at β2 subunitcontaining nAChRs, since male β2 KO mice show similar locomotor responses to menthol as their wild type siblings. In this experiment with siblings bred in-house, however, a decrease in locomotion in male wild type mice treated with menthol was not observed. While this difference between wild-type animals of the different experiments was somewhat surprising, stress of transport and/or subtle strain effects (including flanking alleles, maternal effects or genetic drifts) could underlie a different dose-response to menthol, as has been seen in other studies controlling for genetic background (see for instance [34] ). As a result, future studies could focus on additional behavioral responses to menthol or different doses. In female β2 KO mice, however, there was greater locomotor activity in the menthol-treated group, which suggests that unlike in males, menthol may normally decrease behaviors related to nicotine-induced psychostimulation in female animals through an nAChR-related mechanism. In addition, it is not yet known whether menthol crosses the blood-brain barrier and results in brain concentrations sufficient to affect receptors on central neurons. It is therefore possible that menthol acts in the periphery to exert its Fig. 4 . Liquid consumed by adult β2 subunit nAChR knockout (β2 KO) mice and their wild-type littermate controls (β2 WT) adjusted for body mass (a). Average locomotor activity of menthol in β2 subunit knockout (β2 KO) mice and their wild-type littermate controls (β2 WT) during night (b) and day (c). Locomotor burst totals (d), where one "burst" was classified as a 10-min period of activity greater than the 90th percentile of activity in the respective control group. The mice were given saccharine vehicle or menthol as the sole source of fluid (n = 10-12). *, p < 0.05; **, p < 0.01; ***; p < 0.001, compared to Vehicle group unless brackets state otherwise.
B.W. Fait et al. Behavioural Brain Research 334 (2017) [72] [73] [74] [75] [76] [77] locomotor effects. Menthol acts primarily through temperature-detecting TRPM8 receptors [35] , but can also activate κ-opioid receptors [11] . Thus, the behavioral effects of menthol could result from activity at a number of potential molecular targets outside the central nervous system. Taken together, these data indicate that menthol can alter responses to nicotine through multiple mechanisms, all of which may affect the efficacy and stimulant effects of nicotine-containing products including cigarettes. This study identifies sex differences in intake of menthol and nicotine and their psychostimulant effects. There are also significant differences in responses to menthol and nicotine in adolescent and adult mice, suggesting that mentholated nicotine products may be used by smokers for different reasons across the lifespan, and may contribute differentially to nicotine dependence in women and men. Our study demonstrates that menthol can increase nicotine intake even over many days of exposure. These effects are likely not due to a direct effect of menthol on β2 subunit-containing nAChRs, and could partly be explained by age and sex specific menthol-induced changes in nicotine clearance and metabolism. In addition, menthol facilitated bursts of nicotine-induced activity in female β2 KO mice, indicating a potential role for β2 nAChRs in decreasing locomotor response to menthol in female mice. Human studies of the effects of menthol on both nicotine metabolism and arousal in women and men are warranted to determine how menthol alters tobacco dependence in young smokers and in adulthood.
